different evolutionary stages of CCM who were diagnosed with HRS type I refractory to usual protocols. In these scenarios, a positive inotropic drug was temporarily used in an attempt to reverse the worsening of renal function. This case series may suggest a treatment with efficacy for refractory HRS, although randomized controlled studies are needed to confirm this hypothesis.
INTRODUCTION
Cirrhosis is a common disease that may be complicated with multiple organ dysfunctions [1] . It is more prevalent in males, mainly in those over the age of 50. In Brazil, it has a prevalence of up to 0.35% in the general population, and reports from the US suggest that the health care costs may be double for patients with cirrhosis compared to noncirrhotics [2] . During the course of cirrhosis, there is a progressive deterioration of cardiac and renal function, which are systemic complications of the disease [3] . Hepatorenal syndrome (HRS) is defined as a potentially reversible renal failure in patients with liver cirrhosis and ascites [4] . Cirrhotic cardiomyopathy (CCM) is a chronic cardiac dysfunction in the absence of other known cardiac disease [5] . Recently, an association between HRS and CCM has been suggested [6] . The activation of Renin-Angiotensin-Aldosterone System (RAAS) and the hyperactivated adrenergic state of HRS lead to a hyperdynamic state, with a consequent increase in cardiac demand that is suppressed by its blunted state; i.e., the heart becomes unable to maintain satisfactory inotropic response to this stress [7] . We report four clinical cases of patients with severe liver cirrhosis in different evolutionary stages of CCM who were diagnosed with HRS type I refractory to usual protocols [8, 9] . In these scenarios, a positive inotropic drug was temporarily used in an attempt to reverse the worsening of renal function.
CASE 1
A 63-year-old Caucasian male presented with a history of hepatic cirrhosis related to alcohol and hepatitis C virus infection; he had been diagnosed nine years previously, with admissions in the past due to the decompensation of cirrhosis. He was admitted to the emergency room (ER) with a three-day history of fever, progressive worsening dyspnea up to orthopnea, and abdominal distention with a diffuse pain. Spontaneous bacterial peritonitis was confirmed by a diagnostic and therapeutic paracentesis, and despite appropriate treatment with antibiotics, albumin and noradrenaline, he worsened acute kidney injury, with increases in the blood urea nitrogen and creatinine up to 2.28 mg/dL and reduced urinary output. An ecodopplercardiogram (Echo) was performed and showed an ejection fraction of 62.3% (Simpson's method) and a global longitudinal strain of 29%. The N-terminal pro b-type natriuretic peptide (NT pro-BNP) was 444 pg/dL (normal value: up to 135 pg/dL). The patient resumed diuresis 12 hours after dobutamine was started as an adjuvant therapy to refractory HRS. The urine output increased, and the serum creatinine decreased to 1.25 mg/dL. The patient was discharged after fifteen days.
CASE 2
This 46-year-old Afrodescendant woman presented with a history of cryptogenic hepatic cirrhosis that had been diagnosed one year previously. She was admitted to our hospital with a three-week history of progressive edema evolving to anasarca, postprandial fullness, jaundice and acholic feces. There were clinical signs of malnutrition, pallor, and voluminous ascites. The cardiovascular evaluation and jugular venous pressure were normal. The chest x-ray showed a normal cardiac area with no signs of congestion and small pleural effusion on right side. The echo showed otherwise normal ejection fraction (Simpson's) and normal cavity diameters. A paracentesis was diagnostic of spontaneous bacterial peritonitis, and the initial treatment was based on albumin and octreotide administration, following HRS protocols. Nevertheless, the patient evolved to anuria and azotemia. Given this unfavorable scenario, dobutamine was introduced as a rescue therapy. There was a progressive improvement of renal function, increased urine output and reduction of creatinine in the following days. Treatment with dobutamine lasted four days. Upon the discontinuation of inotropic, renal function recovered to its initial state and remained stable. The patient was discharged for outpatient follow up. fusions and signs of pulmonary edema, the NT pro-BNP was up to 5000 pg/dL and the ecodopplercardiogram revealed systolic dysfunction and mild pulmonary hypertension. The patient was nonresponsive to the usual treatment for HRS or a dobutamine infusion and died during the hospitalization.
CASE 3
A 71-year-old Caucasian male presented with a one-month history of altered mental status and anasarca. He had a history of chronic hepatitis C viral infection and alcohol use. On the physical examination, he was pale and dehydrated, with diminished breath sounds at the right lower base and crackles in the left base, an irregular heart rhythm, and the presence of ascites and lower limb edema. The chest image showed bilateral pleural effusions, the NT pro-BNP was 3000 pg/dL and the Echo revealed mild diastolic dysfunction. He evolved with hypotension and oliguria, elevation of the urea and creatinine not responsive to a saline infusion and usual treatment for HRS with albumin and noradrenaline. Despite the diagnosis of cardiomyopathy, he also did not respond to dobutamine and hemodialysis was initiated. The patient improved and was discharged but became dependent on dialysis.
CASE 4
A 59-year-old woman had been diagnosed with hepatitis C-related cirrhosis 9 years previously and was currently on antiviral therapy with sofosbuvir 400 mg s. a marked progression of signs of heart failure in chest radiographs, with an increasing size of heart chambers and cardiothorax index and more prominent pleural effusions. Evidence-based interventions suggest that the earlier the identification and heart treatment occur, the greater the chances of a favorable prognosis are. This case series may not bring a definitive answer to the use of inotropic agents in cirrhosis, but it might suggest that the cardiac component must always be considered and treated. Pathophysiological evidence points towards a cardiac impairment in cirrhotic patients that contributes to HRS, and the challenge is to find the clinical applicability of this knowledge. The use of inotropes, particularly dobutamine, showed favorable results in two of the four cases described, The best results were obtained when CCM was in the early stages, before it evolved to advanced systolic dysfunction and pulmonary congestion. Because we know that as the CCM gets worse, the chance of an adverse prognosis increases, clinical observations indicate that the earlier a non-response to baseline treatments of HRS and the CCM intervention occur, the higher the chance of it reverting is. Although this study has limitations -it is observational, and there was no control group because CCM is a rare condition and has a low prevalence that makes difficult to randomize -it still has the power of evidence.
The diagnosis of CCM must always be considered in patients in whom HRS progresses unfavorably with no adequate response to clinical therapy. Once identified, the appropriate intervention in the course of the disease must be defined. We observed that the earlier the diagnosis of CCM occurs, the better the prognosis is; on the other hand, in patients with severe pulmonary congestion and cardiomegaly, the prognosis still tends to be reserved.
CONCLUSION
An association between CCM and HRS is suggested in advanced cirrhosis that shows a non-response to the usual therapy targeted to HRS. In those who do not respond and exhibit early signs of associated cardiac dysfunction, the use of inotropes may be an option to optimize CO and improve kidney function. This case series may suggest a treatment effective for refractory HRS, although randomized controlled studies are needed to confirm this hypothesis.
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DISCUSSION
In the present study, we report four cases of patients with liver cirrhosis complicated with HRS in which CCM was identified. The standard treatment of HRS was started: correction of the precipitating factor and intravenous albumin on the first and third days of treatment, associated with continuous vasopressor infusion; however, no satisfactory response was achieved. In this context of progressive deterioration of renal function, CCM was identified as a factor to be corrected; therefore, dobutamine was used to increase cardiac output and renal perfusion.
HRS is a complication of portal hypertension in cirrhotic patients with ascites. Its association with bacterial translocation leads to the release of inflammatory mediators that generate splanchnic and systemic vasodilation [10] . This leads to a decrease in systemic vascular resistance, hypotension and hypovolemia and, consequently, adrenergic and RAAS hyperactivation. These changes lead to renal failure, with elevated serum creatinine and decreased glomerular filtration rate (GFR), thus developing the HRS [8] .
In this setting, there is an increase in cardiac output (CO) in an attempt to maintain an adequate organ perfusion, leading to a hyperdynamic state and the release of factors that may ultimately lead to a blunted myocardial adaptation. The effects of nitric oxide, carbon monoxide and endogenous cannabinoids to cardiomyocytes may play a role in the pathogenesis of heart failure in this scenario [11, 12] . As a final result, the patient evolves with systolic failure and a low perfusion of organs such as kidney, with decreases in renal perfusion and in glomerular filtration rate, which contributes to the appearance of HRS [10] . Dobutamine is a catecholamine that acts as a positive inotrope on beta receptors, increasing myocardial contractility and enhancing cardiac output [13] . Because cirrhotic patients may develop a beta-adrenergic resistance [14] , our group has been studying CCM presentation in HRS based on the evidence of a cardiac component that worsens the prognosis of HRS. We are currently trying to find the most appropriate time to initiate dobutamine so it can benefit cirrhotic patients with HRS and signs of CCM. Dobutamine can prevent the progression of the disease if it is initiated early in the course of the decompensation, e.g., immediately after standard therapy shows ineffectiveness [6] . In the reported cases, HRS was diagnosed by the decrease in GFR in the absence of shock and nephrotoxic medications, with no improvement in renal function after diuretic withdrawal and expansion of plasma volume and with no signs of intrinsic parenchymal disease.
In cases 1 and 2, there was no response to the HRS treatment, with no decrease in creatinine after volume expansion with albumin and vasopressors [6, 15] . In this setting, the increase of NT pro-BNP in the absence of severe signs of congestion on chest radiography suggested cardiac involvement at an initial stage. Both patients received short courses of intravenous dobutamine and exhibited improvements in renal function, as evidenced by the decrease in creatinine, in the following days.
In cases 3 and 4, HRS was diagnosed early and treated but did not achieve satisfactory results because signs of severe heart failure (pulmonary edema, cardiomegaly and higher NT pro-BNP levels) were present. The clinical setting of more congestion and more compromised heart function played a role in their responses to the inotrope. Specifically, the patient in case 4 had advanced heart failure signs and pulmonary congestion, which led to no response to dobutamine nor dialysis, evolving to death in the following days.
The four cases suggest that the influence of CCM on HRS presentation may have a progressive aspect, as seen in figure 1 . There is
